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ABSTRACT The electromagnetic interference effects on buried pipelines induced by geomagnetic field
are monitored for the first time in China, including geomagnetically induced current (GIC) and pipe-to-soil
potential (PSP). It is of great significance for studying the influence of geomagnetic storms on pipeline
corrosion and protection in mid–low latitudes. In order to monitor the GIC and PSP simultaneously, a mon-
itoring experimental scheme is proposed. The monitoring data are obtained at Changyi oil transportation
station (36◦30′N, 119◦ 30′E) and Xiligu cathodic protection station (36◦42′N, 119◦12′E). For comparison,
the geoelectric field data are acquired from the geomagnetic observatory near the monitoring stations. Based
on the monitoring result and theoretical consideration, the effectiveness of potentiostat and the influence of
GIC on the pipeline is evaluated by analyzing the correlation between the monitoring data and the geoelectric
field data. The monitoring data show that the pipeline GICmaximum is 7.88 A caused by the magnetic storm
commencing suddenly and the PSP positive offset of the two monitoring points exceeds the limit required
by relevant standards. The GIC maximum is 3.98 A caused by the magnetic storm commencing gradually,
and the PSP offset exceeds the standard when the potentiostat is cut off. The results of our research indicate
that the geomagnetic storms can also cause serious corrosion of pipelines in the middle and low latitudes;
the larger the distance between insulating flanges is, the stronger the corrosion situation of pipelines will be;
the greater the variation rate of geomagnetic disturbance is, the more serious the corrosion of pipelines will
be. Because the protection range of the cathodic protection station is limited and the response performance
of the potentiostats is varied in different areas, medium or small geomagnetic storms can also cause serious
corrosion even if the pipeline is protected by the potentiostat.

INDEX TERMS Electromagnetic interference, petroleum industry, geomagnetism, magnetoelectric effects,
corrosion.

I. INTRODUCTION
The geomagnetic storm is caused by the solar wind under the
action of the magnetosphere and the ionosphere [1], [2]. The
buried pipelines are good conductors, according to electro-
magnetic induction law, the time-varying geomagnetic field
generates an electric field in pipelines [3]. This field cre-
ates the geomagnetically induced current (GIC) through a
loop formed by pipeline wall, pipeline grounding electrode,
insulating coating, coating defects and the earth. GIC causes
the pipe-to-soil potential (PSP) offset and leakage current in
the coating defects. The leakage current causes the corrosion

rate increasing [4]. The mechanism of geomagnetic storms
affecting buried pipeline is shown in Fig. 1.

The data of GIC and PSP are bases for evaluating the cor-
rosion of pipelines as well as putting forward the protection
strategies. Because the geomagnetic disturbance (GMD) of
geomagnetic storms in high latitudes is stronger than that in
middle and low latitudes, the research of the effect of GMD
on buried pipelines began to be carried out in North America
and Nordic countries firstly in 1978 [5]. Data of GIC and
PSP have been obtained, the data analysis results show that
GIC have a good correlation with the geoelectric field [6],
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FIGURE 1. The mechanism of geomagnetic storms affecting the buried
pipeline.

its magnitude is dependence on Earth conductivity struc-
ture [5], [7]. It can cause corrosion problems to the pipeline
system, which bring large economic impacts particularly
in high latitudes [7], [8]. The effect of the GIC on buried
pipelines increases with the geomagnetic intensity increas-
ing [9], [10]. Severe geomagnetic storms may lead to more
severe corrosion of the pipeline with cathodic protection
systems [11].

The corrosion rate of pipeline caused by GIC has been
studied. The research results shown that GIC increases the
PSP offset and corrosion rate. The cathodic protection current
which maintains the pipeline at a constant potential (−0.85V)
cannot protect the pipeline efficiently when sporadic large
enhancements of GIC occurs [6]. The risk of corrosion can
potentially reduce the safety performance and service life of
the buried pipeline.

Boteler and Pulkkinenet al. have used the distributed
source transmission line (DSTL) theory to calculate the GIC
and PSP and obtained their distribution rule [4], [12]–[15].
The calculation results shown that the influence of GIC on
oil and gas pipelines is related to length of the pipeline and
the structure such as the corner and the branch points of the
pipeline [13], [14]. In addition, the influence is also related
to the geomagnetic intensity index (Kp), the larger the Kp is,
the larger the influence will be [15].

However, the research of the effect of geomagnetic storms
on pipelines is relatively less in the middle and low lati-
tudes, Chinese scholars have investigated and compared the
influence of geomagnetic storms affect to buried pipelines
and power grids recently [16]–[18]. The monitoring data of
GIC in 500 kV and 220 kV power grids in China have been
acquired under geomagnetic storms in different intensity dur-
ing July 2004 to December 2006. According to the GICmoni-
toring results, it can be seen that theGIC of 500 kV power grid
is about 10 times larger than that of 220 kV power grid. The
reason is that the smaller the DC resistance of the conductor
is, the bigger the GIC which produced by the induction
geoelectric field in the power grid will be. In Chinese 500 kV

power grid, the four-split conductors are generally used. In a
unit length, the DC resistance of 500 kV power line is one
fourth of that of 220 kV power line constituted by the single
conductor. Therefore, the GIC of 500 kV power grid is larger
than that of 220 kV power grid. The higher the voltage level
is (in other words, the smaller the conductor resistance is),
the greater the risk of power grid will be.

Based on the investigation of GIC in power grids, the inter-
ference of geomagnetic storms on pipelines is related to
the structural factors of pipelines, such as the resistivity of
insulation coating and the position and number of grounding
electrodes of pipelines. But the monitoring data of GIC in
pipelines have not been obtained, which are of great signif-
icance to evaluate the corrosion degree of the pipeline and
optimize the restrain strategy of the corrosion.

Although the GMD in the middle and low latitudes is
weaker than that in the high latitudes, the research findings
of the GIC in power grids show that its influence exists
in the power grids of China with the scale of power grids
increasing [19]–[21]. The scale of oil and gas buried pipelines
is increasing rapidly. The effects of geomagnetic storms on
buried pipelines need to be studied, which is immediately
connected with the safety and economic of oil and gas
pipeline systems. In this paper we adopt a monitor scheme to
acquire the data of GIC and PSP in pipelines. The GIC-PSP
monitors have been installed in Changyi oil transportation
station (36◦30′N, 119◦30′E) and Xiligu cathodic protection
station (36◦42′N, 119◦12′E). Monitoring data are obtained
during two geomagnetic storms. According to the comparison
of the data acquired from two different monitoring stations
of the same pipeline, the influence of geomagnetic storms on
buried pipelines is investigated considering the variation rate
of GMD, the output of potentiostats and the distance between
insulation flanges.

II. MONITOR PRINCIPLE AND MONITOR SCHEME
A. MONITOR PRINCIPLE
The steel wall of the pipeline is protected by insulated
coating, which is not directly contacted with the earth.
Potentiostats are set up in cathodic protection stations and oil
transportation stations to avoid corrosion caused by coating
defects, which can be regarded as polarization power sources
which providing compensation current (I1) to keep the PSP
below -0.85V [22]. Because the electromagnetic environment
of the pipelines is varying in different regions, output current
and voltage of potentiostats is different. Insulation flanges
are installed to the pipeline to realize the segment protection.
When the pipeline does not need to be divided in the cathodic
protection station, insulating flanges are still installed on
the station, the two parts of pipeline can be protected by a
potentiostat simultaneously using a jumper wire connecting
the outsides of insulating flanges, the structure diagrammatic
sketch of the cathodic protection station is shown in Fig. 2.

Since the frequency of GIC is with the range from 10−5Hz
to 1Hz [23], the current we monitored is a quasi-DC signal.
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FIGURE 2. The structure diagrammatic sketch of the cathodic protection
station and the installation of the GIC-PSP monitor.

FIGURE 3. The position of the two monitoring points of the pipeline.

According to the previous analysis, the current in pipeline (Ip)
can be regarded as a superposition of two DC components,
one of them is I1 comes from the potentiostat and the other
one is the GIC (I2) induced by GMD of geomagnetic storms.
So the GIC in the pipeline can be expressed as I2 = Ip − I1.
The monitor we design has two current monitoring channels
and one PSP monitoring channel. Two Hall sensors are used
to collect the real-time data of I1 and the current flow in the
jumper wire (that is Ip), and the potential difference between
the pipeline steel and the reference electrode (that is PSP) is
collected at the same time. The diagrammatic sketch of the
installation of the GIC-PSP monitor is shown in Fig. 2.

B. MONITOR SCHEME
Changyi oil transportation station is about 62 km away from
the Bohai Sea. Xiligu cathodic protection station is 50 km
away from the Bohai Sea. Both Changyi station and Xiligu
station have potentiostats. Considering the intensity of GMD
and the difficulty of installing detection instruments, these
two stations are selected to install the GIC-PSP monitors,
their locations are shown in Fig. 3.

The structure of the cathodic protection station and the
installation of the monitor in Changyi station is same
as Fig. 1. The preset output voltage of the potentiostat
is -1.1V, which is different from the one in Xiligu
station, -0.85V. There is no insulation flange at the both

sides of this station, so the GIC monitoring scheme using
the jumper wire adopted in Changyi station cannot be imple-
mented here. The acquisition of the current data need to be
excavated. Because the influence range of the geomagnetic
storm is global and the variation trend of the GIC in stations
which is closed to each other is the same, the fluctuation
trend of the GIC in Xiligu station can be characterized by
that in Changyi station. We only monitor the PSP at this
station because the PSP data is important to judge whether
the drainage devices needs to be installed on pipeline. The
monitor scheme of PSP in Xiligu station is the same as that
in Changyi station.

III. DATA ANALYSIS
According to the monitoring scheme, the installation and
commissioning of the monitoring equipment in Changyi sta-
tion and Xiligu station are completed. The horizontal axis of
monitoring data is universal time (UT).

A. GEOMAGNETIC STORM ON SEPTEMBER 7TH
The Dst index during 12:00 on September 7th to 00:00 on
September 9th, 2017 is shown in Fig. 4 (a). In order to avoid
the influence of geographical position and latitude on the
data analysis, the electrical field data monitored by Anqiu
Geomagnetic Observatory have been selected to compare
with GIC and PSP. Anqiu Geomagnetic Observatory is the
nearest station to the two pipeline monitoring stations. The
relevant data are shown in Fig. 4. Fig. 4 (b) is the North-South
component of the geoelectric field; Fig. 4 (c) is the East-West
component of the geoelectric field; Fig. 4 (d) is the North-
East component of the geoelectric field; Fig. 4 (e) is the GIC
of Changyi station; Fig. 4 (f) is the PSP of Changyi station
and Fig. 4 (g) is the PSP of Xiligu station.

1) ANALYSIS OF THE CORRELATION
Compared Fig. 4 (a) with (b), (c) and (d), it can be seen that
the larger the Dst index decreases, the larger the fluctuation
of the geoelectric field will be. Therefore, the rapid variation
of the geoelectric field in Anqiu during 23:00 on the 7th to
00:00 on the 9th is caused by geomagnetic storm.

Compared the monitoring results of geoelectric field with
the GIC, the fluctuation trend of the GIC coincides with
that of the geoelectric field. The calculation formula of the
correlation coefficients(r) of A and B can be written as:

r =
cov(A,B)
σAσB

. (1)

The cov(A, B) is covariance of A and B, σA is the standard
deviation of A, σB is the standard deviation of B. The corre-
lation coefficients of the three components of the geoelectric
field and the GIC is −0.64, 0.66 and 0.69, respectively,
indicating that the GIC and the geoelectric field are correlated
linearly. So the large fluctuation of the GIC during 23:00 on
the 7th to 18:00 on the 8th is generated by the geomagnetic
storm.
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FIGURE 4. The Dst index and the monitoring results during 12:00 on
September 7th to 00:00 on September 9th, 2017. (a) Dst index of 6th to
9th September. (b) North-South geoelectric field of Anqiu. (c) East-West
geoelectric field of Anqiu. (d) North-East geoelectric field of Anqiu.
(e) GIC in the pipeline of Changyi. (f) PSP in the pipeline of Changyi.
(g) PSP in the pipeline of Xiligu.

Fig. 4 (e) and (f) show that the correlation between GIC
and PSP of Changyi station is obvious, which indicates that
GIC has a certain contribution to PSP. Fig. 4 (e) and (g) show

TABLE 1. Correlation coefficient of PSP and GIC in Xiligu station.

that the correlation between GIC of Changyi station and PSP
of Xiligu station is not obvious. The reason of this monitoring
result is that the potentiostat of Xiligu Station often stops
working due to its faults, the PSP during faults of potentiostat
is switch-off potential, and the PSP during normal operation
of the potentiostat is switch-on potential. According to the
faults time, the Xiligu PSP data is divided into four parts.
The correlation coefficient (r) between Xiligu PSP data and
Changyi GIC data of each part is calculated which is shown
in table 1. The calculation results indicate that the PSP has a
good correlation with GIC in each part.

2) ANALYSIS OF THE CHARACTERISTIC
The GIC value is stable around 3A without large fluctuation
from 12:00 on 7th to 23:00 on 7th because the intension of
GMD is small. With the Dst index declining rapidly from
23:00 on 7th to 04:00 on 8th, the GIC fluctuates intensely.
The minimum and maximum values of GIC are 0.16A and
7.88A. During 04:00 to 13:00 on 8th, GIC tends to be stable
with the descent velocity of Dst index decreases. With the
increasing of the descent velocity of Dst index from 13:00 to
19:00, the fluctuation of GIC is large. It is illuminated that
the GIC value is related to the descent velocity of Dst index.
The larger the descent velocity of Dst index is, the lager the
GIC will be.

The PSP of Changyi station is approximately stabilized at
−1.1V from 12:00 on 7th to 23:00 on 7th. During 23:00 on
7th to 04:00 on 8th and 13:00 to 19:00 on the 8th, the PSP
offset is large which have exceeded 100 mV many times.
Reference [24] stipulates that DC current interference can
be confirmed when PSP is positively offset by 20 mV. The
drainage or other protective measures must be taken when
PSP is positively offset by 100 mV. So the PSP offset beyond
the limit which the drainage measures should be taken when
the potentiostat working normally in Changyi station. It indi-
cates that the pipelines near Changyi station have suffered a
serious impact caused by geomagnetic storm.During 12:00 on
7th to 14:00 on 7th, the PSP has no obvious fluctuation in
Xiligu station, but the offset of PSP is large during 23:00 on
the 7th to 00:00 on the 9th. Especially during the faults time
of potentiostat from 13:00 to 19:00 on 8th, the PSP offset
exceeds 100mVmany times. The power-off operations of the
potentiostat can also cause the PSP offset whose magnitude
is larger than that caused by geomagnetic storms.
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FIGURE 5. The Dst index and the monitoring results during 16:00 on
September 26th to 15:00 on September 29th, 2017. (a) Dst index of 26th
to 29th September. (b) North-South geoelectric field of Anqiu. (c)
East-West geoelectric field of Anqiu. (d) North-East geoelectric field of
Anqiu. (e) GIC in the pipeline of Changyi. (f) PSP in the pipeline of
Changyi. (g) PSP in the pipeline of Xiligu.

B. GEOMAGNETIC STORM ON SEPTEMBER 26TH
During September 26th to 29th, 2017, the Dst index, Anqiu
geoelectric field, GIC of Changyi pipeline, PSP of Changyi
station and PSP of Xiligu station are shown in Fig. 5.

TABLE 2. Correlation coefficient of PSP and GIC in Xiligu station.

1) ANALYSIS OF THE CORRELATION
Fig. 5 (a), (b), (c) and (d) show that, the amplitude of the
geoelectric field is highly correlated with the declining rate
of Dst index. Compared Fig. 5 (b), (c) and (d) with (e), it
can be seen that the fluctuation trend of the GIC is related
to the geoelectric field. The linear correlation coefficients of
the GIC and the three components of the geoelectric field
is −0.87, 0.89 and 0.87 respectively. It is indicated that
the GIC in pipeline is caused by the geomagnetic storm.
The Fig. 5 (e) and (f) show that, the GIC has a certain
contribution to the PSP. According to the power-off time of
the potentiostat in Xiligu station, the PSP data of Xiligu are
divided to six parts. The linear correlation coefficient (r)
between PSP and GIC in each part is shown in table 2, which
indicates that the PSP has a good correlation with GIC.

2) ANALYSIS OF THE CHARACTERISTIC
From 07:00 on 27th to 19:00 on 28th, the minimum value
of the GIC is 0.84A and the maximum value was 3.98A,
which is lower than that of geomagnetic storm on 8th. It is
because the descent velocity of Dst index is lower during this
geomagnetic storm.

From 07:00 on 27th to 19:00 on 28th, the PSP value of
the pipeline in Changyi Station is stable around −1V. The
offset of the PSP is less than 100 mV indicating that there
is no need to take the drainage or other protective measures
during this time.During the normal operation of potentiostat
in Xiligu station, the PSP offset is low, the maximum positive
offset is 98 mV. However, during the power-off operation of
potentiostat, the PSP positive offset exceeds 100mV many
times. This monitoring result indicates that, although the
influence of geomagnetic storms can be effectively restrained
by potentiostat in the middle or small geomagnetic storms,
the pipeline still suffers a serious effect produced by GIC
during the power-off time of the potentiostat. This effect will
be more serious in the pipeline far away from the cathodic
protection station, because the output current (I1) cannot pro-
tect the pipeline efficiently there. So the drainage measures
are still needed during the middle and small geomagnetic
storms.

IV. THEORETICAL CONSIDERATION
According to the Plane Wave Theory [25], the relationship
of the electrical field in pipeline and the variation rate of the
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FIGURE 6. The equivalent circuit model of buried pipeline.

geomagnetic field (dB/dt) is as follow:

E (t) = −
1

√
πµ0σ

∫ t

−∞

g (u)
√
t − u

du (2)

where E(t) is the induced electrical field in pipeline,µ0 is the
vacuum permeability, σ is the ground conductivity, g(t) is the
variation rate of the geomagnetic field, dB/dt .

According to the Distributed Source Transmission Line
(DSTL) theory [4], the pipeline is equivalent to a lot of
T-type circuits in series as shown in Fig. 6. The induced
electric field of pipeline (E) is equivalent to a voltage source
in each section. The calculation method of the distribution of
GIC and PSP can be obtained as follow:

I (x) = −
EL

Z1 + Z2
+
U1 − U2

Z1 + Z2
(3)

U (x) = E
(
x −

LZ1
Z1 + Z2

)
+
U1Z2 − U2Z1
Z1 + Z2

(4)

where the I is GIC; U is PSP; E is the electrical field in
pipeline; L is the length of the pipeline; Z1 and Z2 is the
terminated impedance of the pipeline; U1 and U2 is the
terminated voltage source of the pipeline.

According to (2) the E(t) is proportional to −dB/dt .
The (3) and (4) reveals that the larger the E is, the larger the
GIC and PSPwill be. So the corrosion rate of pipelines during
the geomagnetic storm is related to−dB/dt , the−dB/dt is the
same to the descent velocity of Dst index.

Compared the PSP values of the two monitoring stations
from 00:00 to 07:00 on the 8th, it is found that the PSP
offset in Xiligu station is larger than that in Changyi station.
In order to research this phenomenon, the operation of the
potentiostats, the difference of geological structure and the
structure parameters of the pipeline have been considered.
In this period the potentiostat operates normally and there is
no difference of geological structure between these two sta-
tions. So the influence of the potentiostat and the geoelectric
structure on the monitoring results can be ignored.

To ensure the pipeline operates safety, insulation flanges
are installed inWeixian valve room,Wenhexi valve room and
Weihedong valve room, the locations of the insulation flanges
are shown in Fig. 3. So the pipeline has been divided into
three parts (A, B, C) and there is no electrical connection
between them. The length (Li) of each part as well as the
clockwise angle (θ ) between the pipeline and due South
are obtained and shown in table 3. According to the DSTL
theory, the distribution of PSP along the part A containing
the Xiligu station have been calculated as shown in Fig. 7 (a),

TABLE 3. The length of pipelines and the angle between the pipelines
and the East direction.

FIGURE 7. (a) PSP distribution along part A, (b) PSP distribution along
part C, (c) PSP calculation values in Xiligu station (blue) and Changyi
station (red).

on the assumption that the geoelectric field is 1 mV/km. The
distribution of PSP along the part C containing the Changyi
station is shown in Fig. 7 (b).

According to the calculation results, the time-varying PSP
of Xiligu station and that of Changyi station have been
calculated during the geomagnetic storm form 12:00 on the
7th to 00:00 on the 9th and the calculation result is shown
in Fig. 7 (c). Comparison between Fig. 7 (a) and Fig. 7 (b),
it can be revealed that the PSP offset increases with the
length of the pipeline increasing during the geomagnetic
storm. The distance between the insulation flanges on the
both sides of Xiligu station is longer than that of Changyi
station, so the PSP offset of Xiligu station is larger than that
of Changyi station as shown in Fig. 7 (c). This result indicates
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that, during the geomagnetic storms, the longer the distance
between insulating flanges is, the larger the PSP offset will be.
So the corrosion rate of pipelines during geomagnetic storm
on pipeline is related to distance between insulating flanges.

The output current of the potentiostat flows from auxiliary
anode (a kind of metal more active than steel) to pipeline steel
to compensate for the loss of electrons at coating defects.
Its output voltage is set up to ensure the PSP stable in an
ideal range. When the potentiostat is power off, the PSP will
be elevated to the nature potential which is more positive
than the preset potential and the electric current density will
be enlarged. Therefore, during the geomagnetic storms, the
corrosion rate is related not only to the GIC in pipelines, but
also to the operation of potentiostats.

V. CONCLUSION
In this paper, themonitoring data of GIC in the buried pipeline
generated by geomagnetic storms are acquired for the first
time in the middle and low latitude countries. The monitoring
data of PSP are obtained simultaneously. Based on data anal-
ysis and the theoretical consideration, the main conclusions
of this paper are as follows.

(1) During the geomagnetic storm, the PSP positive off-
set of the pipelines can exceed the limit of the technical
standard for DC interference mitigation of buried pipeline,
which revealed that the geomagnetic storm can effect on
buried pipelines in the middle and low latitudes. Although the
intensity of GMD in the middle and low latitudes countries
is weaker than that in high latitudes countries during the geo-
magnetic storm, the coating defects and the potentiostat faults
operation cannot be avoided. So it is of great significance to
investigate the effect caused by GMD of geomagnetic storm
on buried pipelines in middle and low latitudes countries.

(2) The effective control of potentiostats can restrain the
corrosion of pipelines near the cathodic protection stations
during the medium or small geomagnetic storms, but the
response performance and the effective protection distance
of potentiostats are greatly varied in different areas due to
the geoelectric structure difference and the electromagnetic
environment difference. In addition, the protection range of
the cathodic protection station is limited. The farther the
pipeline from potentiostat is, the smaller the effect of cathodic
protection will be, which is explained in the appendix. When
the potentiostat fails in responsing or the pipeline exceeds
the effective protection range, medium or small geomagnetic
storms can also cause serious corrosion. With the scale of the
buried pipelines increasing, it is suggested that the study on
the prevention strategies of the corrosion caused by geomag-
netic storm should be started as soon as possible.

(3) The impact of geomagnetic storms on pipelines is
related to the environmental factors such as latitude and
longitude, geoelectric structure and Kp index. Moreover,
it is also related to factors such as the variation rate of the
geomagnetic field and the distance between the insulation
flanges, the longer the distance between the insulation flanges
is, the larger the effect of GIC on buried pipeline will be.

It is suggested that the distribution of insulating flange should
be optimized to restrain the effect of geomagnetic storm on
the pipeline corrosion. In order to understand the effect of
various factors on corrosion, the investment of the monitoring
experiments will be hugewith the scale of pipelines becoming
larger and larger. So it is necessary to study and establish
the theoretical evaluation system for the influence of various
factors on pipeline corrosion.

APPENDIX
The output current of the potentiostat changes according to
the different value of PSP which is the potential difference
between pipeline and the reference electrode. This current can
compensate the lost electrons at the coating defects. There-
fore, the potentiostat can be regarded as a dynamicDC source.
The circuit model of the pipeline with a potentiostat ignoring
the effects of other interference sources is shown in Fig. 8.

FIGURE 8. The circuit model of the pipeline with a potentiostat.

According to Fig. 8 and Kirchhoff law, only take the poten-
tiostat output into account, the current (I1) in the pipeline is:

[I1 (x −1x)− I1 (x)] ·
1

G1x
= I1 (x)Z1x

+ [I1 (x)− I1 (x +1x)] ·
1

G1x
(5)

The 1x is the calculation step. It can be obtained that:

I1(x) = C1e
√
ZGx
+ C2e−

√
ZGx (6)

C1 = IO −
IO − ZGIO1x2 − IOe

√
ZG

e−
√
ZG − e

√
ZG

(7)

C2 =
IO − ZGIO1x2 − IOe

√
ZG

e−
√
ZG − e

√
ZG

(8)

FIGURE 9. The compensation current distribution along the pipeline.

Io is the output current of the potentiostat. According to (6),
on the assumption that Io is 5A, the distribution of the com-
pensation current along a 40km pipeline at can be calculated
as shown in Fig. 9, the potentiostat is at the starting point.
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Fig. 9 shows that the compensation current reduces
with the distance between the pipeline and the potentiostat
increasing. So the farther the pipeline from potentiostat is,
the smaller the effect of cathodic protection will be.
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